During an outbreak of Serratia marcescens infections at our hospital, we discovered widespread contamination of the 2% chlorhexidine hand-washing solution by S. marcescens. Examination by electron microscopy of the sides of bottles in which this solution was stored revealed that microorganisms were embedded in a fibrous matrix. Bacteria, free in the liquid, were morphologically abnormal, showing cell wall disruption or cytoplasmic changes. Furthermore, bacteria adherent to the walls of the storage jugs and embedded in this fibrous matrix also had morphologically abnormal cytoplasm. Despite these changes, viable S. marcescens organisms were recovered from the fluid during a storage period of 27 months. The concentration of chlorhexidine required to inhibit these strains of Serratia was 1,024 ,tg/ml; however, the organism could survive in concentrations of up to 20,000 ,tg/ml. Additional studies are needed to define the mechanism(s) that allows such bacteria to contaminate and survive in disinfectants.
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Chlorhexidine (Hibitane; Ayerst Laboratories, Montreal, Quebec, Canada), 1,6-di-(4-chlorophenyldiguanido) hexane, is an antiseptic that is widely used as a hand-washing detergent in hospitals (13, 16) . It has a wide spectrum of antimicrobial activity and has an extremely low potential for eliciting dermal reactions (13) . This agent has been used in our hospital for 7 years. For the past 6 years, approximately 200 patients per year at our hospital have been infected or colonized with Serratia marcescens. In December, 1978, one of the patients in the cardiovascular intensive care unit developed S. marcescens bacteremia. Subsequent investigations revealed contamination of chlorhexidine with S. marcescens. This contamination probably occurred in the pharmacy when the plastic stock bottles were filled. Chlorhexidine (Hibitane) is supplied by the manufacturer as a 4% solution of chlorhexidine gluconate. In our pharmacy, the solution is diluted to 2% with tap water and dispensed to the wards in 4-liter plastic stock bottles; when empty, they are returned to the pharmacy, where they are rinsed with tap water and refilled. A random sample of 11 stock bottles revealed that 7 were contaminated with S. marcescens, and an additional 2 were contaminated with S. marcescens, Flavobacter spp., and Pseudomonas spp.
In this paper, we describe how these bacteria survived in stock bottles containing dilutions of the commercial skin cleansing product Hibitane. Electron microscopy studies. (i) Scanning electron microscopy. A 3-by 2-cm piece of plastic was cut from the side of each of the five bottles containing contaminated chlorhexidine. The bottle containing chlorhexidine that was negative on culture served as a control. In addition, a plastic bottle containing 4% chlorhexidine (as soon as it was received in the pharmacy from the manufacturer) was examined. In all instances, the plastic samples were taken from the sides of the bottles at 2 to 3 cm below the top of the fluid level.
MATERIALS AND METHODS
The first piece of plastic was examined after the contaminated chlorhexidine had been stored in the laboratory for 20 months. The remaining pieces were examined after 26 months of storage.
The inner surface of the plastic was sampled just before the fixation procedure, using a cotton swab. The swab was inoculated onto MacConkey agar, and the organisms were identified as outlined above. The pieces of plastic were fixed for 24 h at 20°C with a fixative solution consisting of 5% glutaraldehyde and cacodylate buffer (0.067 M; pH 6.2) with 0.15% ruthenium red. Each piece of plastic was then "metallized" with osmium tetroxide and thiocarbohydrazide (10) , dehydrated in ethanol and Freon-113 before critical point drying (5) , and examined with a Hitachi S450 scanning electron microscope (Hitachi, Rexdale, Ontario, Canada).
(ii) Transmission electron microscopy. (a) Plastic. Another piece of plastic from the storage jug, containing only Serratia marcescens on culture, was fixed as detailed above, washed five times in the buffer, postfixed in 2% OS04 in buffer, washed five more times in buffer, and dehydrated through a series of acetone washes. All of the solutions used in processing the specimen, from the washes after glutaraldehyde fixation to dehydration with the 70% acetone solution, contained 0.05% ruthenium red (ruthenium red was omitted from the 90 and 100% acetone solutions because of its limited solubility in these solutions). After further dehydration in propylene oxide, the specimen was embedded in Vestopal (Ladd Industries, Burlington, Vt.), sectioned, stained with uranyl acetate and lead citrate (11) , reinforced with evaporated carbon, and examined with an electron microscope (AEI Model No. 801; Associated Electronic Industries, Harlow, England) at an acceleration voltage of 60 kV.
(b) Sediment from contaminated chlorhexidine. Ten-milliliter samples of contaminated chlorhexidine from three storage jugs (from which only Serratia marcescens was isolated) were centrifuged at 300 x g for 10 min. Each sediment was washed three times in phosphate-buffered saline (pH 7.2) and then fixed in 5% glutaraldehyde and cacodylate buffer (0.067 M; pH 6.2) with 0.15% ruthenium red for 2 h at room temperature (-20°C). The remainder of the steps were performed as outlined above.
At the time these samples were collected, the contaminated Hibitane had been stored in the laboratory for 18 months.
(c) Bacteria from contaminated chlorhexidine grown on solid medium. A 0.001-mi amount of contaminated chlorhexidine was streaked onto brain heart infusion agar plates containing Tween 80 (8) and incubated aerobically for 18 h at 37°C. Three colonies were then scraped off the plates, emulsified in phosphate-buffered saline, and centrifuged at 300 x g for 10 min. The remaining steps were performed as outlined above.
(d) Material from the side of storage jug. The chlorhexidine was discarded from storage jug 7BU (only Serratia marcescens was isolated from the fluid) after a 27-month period. A reddish precipitate was evident on the sides of the jug. This was scraped off with a scalpel blade. The material was transferred to a test tube, and 5% glutaraldehyde and cacodylate buffer (0.067 M; pH 6.2) with 0.15% ruthenium red was added. The remaining steps were performed as outlined above.
(e) An isolate of Serratia marcescens which had never been exposed to chlorhexidine. An isolate of Serratia marcescens (from the urine of a catheterized patient) was inoculated to brain heart infusion broth, incubated for 6 h, and then centrifuged at 300 x g for 10 min. The sediment was then fixed as outlined above.
Sudan black stain. A 10-ml sample of contaminated chlorhexidine from each stock bottle was removed and centrifuged at 300 x g for 10 min. The sediment was washed once in phosphate-buffered saline and then smeared onto a glass slide, air dried, and heat fixed. It was then stained with Sudan black B for 10 min, washed, cleared with xylol and counterstained with 0.5% aqueous safranine for 15 s, washed in tap water, blotted dry, and examined under oil immersion with a Zeiss light microscope (4).
RESULTS
Chlorhexidine from five of the six stock bottles was contaminated with Serratia marcescens, and samples from two of these also grew Flavobacter spp. and Pseudomonas sp. Chlorhexidine from the sixth container was negative when cultured initially and remained so throughout (Table 1 ). The concentration of organisms in the five contaminated bottles was 108 colony-forming units per ml initially and declined during the 27-month observation period (Table 1) . Serratia marcescens was still recovered from one stock bottle (7BU) in concentrations of 106 colonyforming units per ml after 27 months of storage in the laboratory. Three species of organisms, Serratia marcescens, Pseudomonas sp., and Flavobacter sp., were recovered initially from two stock bottles, 4S and 7B. The total number of organisms was similar in both (2.4 x 10' and 3 x 10' colony-forming units per ml, respec- Scanning electron microscopy of the inner surface of the 10V plastic stock bottle is shown in Fig. 2 through 4 . Only Serratia marcescens was isolated from the liquid, sediment, and sides of this bottle. Figure 2 is a low-power view showing bacteria embedded in a matrix of fibrous material that, in some areas, is heaped up into distinct masses. Discrete microorganisms are evident adherent to the plastic. In Fig. 3 , bacteria are seen within the fibrous matrix, and in Fig. 4 , these organisms are seen to be embedded in the fibrous matrix to varying degrees. When sections from the remaining plastic stock bottles were examined (1 year later than the piece of plastic shown in Fig. 2 through 4 (Fig. 5) ; however, this material was not as extensive as is shown in Fig. 2 through 4 . Figure 6 is a transmission electron micrograph of a bacterium adherent to the surface of a piece of plastic from the 10V stock bottle (sample taken from an area adjacent to the piece shown in Fig. 2  through 4) . The ruthenium red-positive nature of the material that covers the bacterium is evident even though this material is radically condensed by dehydration.
A transmission electron micrograph (Fig. 7) of the sediment of contaminated chlorhexidine showed that most of the bacteria free in the fluid were abnormal. Bacteria from all three contaminated stock bottles containing Serratia only had the same appearance. As seen in Fig. 7 (Table 1) . Only Serratia marcescens was isolated from this container. The cell walls of the bacteria in this section are well resolved, but intracellular detail is still poor. There are no discernible ribosomes, and the cytoplasm resembles that of the bacteria seen in Figure 8A . ( Figure 8B ). The ribosomes and nuclear section of a ruthenium red-stained preparation of a material are well seen. A fibrous capsule is also fragment of a plastic chlorhexidine stock bottle (OV; evident. The cytoplasmic structure of cells of Table 1) Table 1 ). At the time this sample was collected, the chlorhexidine had been contaminated for 18 months. Many of the bacteria in this micrograph are disrupted, and others have large cytoplasmic vacuoles. Even in apparently intact bacteria, the cytoplasm appears to be abnormal. The bar indicates 1.0 tm.
tamination. Pseudomonas maltophilia has been isolated from contaminated savlon (17) . Pseudomonas cepacia was adapted to a 1:30 dilution of savlon; however, it did not survive in this concentration when the pH was adjusted to 7.2 with hard tap water (2) . The Pseudomonas cepacia organisms remained viable in tap water for 1 year. We found that the Serratia marcescens organisms survived in chlorhexidine for more than 27 months. The highest concentration of chlorhexidine required to inhibit the strains of Serratia isolated from this disinfectant was 1,024 ,ug/ml; however, the organism could be grown from solutions containing 20,000 ,ug/ml without using inhibitors of chlorhexidine in the medium. The scanning electron micrographs showed that many of the organisms were embedded in a very extensive fibrous matrix, and transmission electron micrographs ( Fig. 6 and 10 ) showed that this matrix was ruthenium red positive. This material is probably polysaccharide, since ruthenium red, a cationic dye, has an affinity for strongly anionic polymers, most of which are polysaccharides (9) . It stains extracellular material associated with the surface of cell walls that is otherwise difficult or impossible to demonstrate. Whether this ruthenium red-positive material interferes with penetration of the chlorhexidine, a cationic agent, to the surface of the cell is speculation only. Indeed, the cells shown in Fig. 10 (scraped from the surface of a chlorhexidine storage jug and surrounded by extensive fibrous matrix) had abnormal cytoplasm and were similar in appearance to some of the cells free in the liquid ( Figure 8A) (Fig. 7 , 8A, and 10).
Cytoplasmic vacuoles (Fig. 7) were present in organisms free in the chlorhexidine. These vacuoles stained with Sudan black B and were not present in cells (from the chlorhexidine) that had been grown on a solid medium.
We have described the morphology of Serratia marcescens that has survived in chlorhexidine for a prolonged period. Additional studies are needed to elucidate the mechanism of this survival. F 4!_ _ _ We were unable to determine the clinical relevance of the contaminated chlorhexidine. The Serratia isolates from contaminated chlorhexidine could not be 0 serotyped. The antibiotic susceptibility of such isolates (generally gentamicin resistant and amikacin sensitive) resembled the pattetn of isolates from the urine of infected patients. With the institution of an appropriate infection control program, many measures, such as cohorting infected or colonized patients, obtaining separate urine measuring containers for each patient, etc., were introduced at about the time the contaminated chlorhexidine was discovered. The Serratia infection/colonization rate before our infection control pro-_ gram began was 132/10,500 discharges and, in 1980, when the program had been operational for 3 years, the rate was 62.1/10,000 discharges 
